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Reaching the Sustainable Development Goal (SDG) 6 on water and sanitation is fundamentally 10 
important and conditional to the achievement of all the other SDGs. Nonetheless, achieving this goal 11 
by 2030 is challenging, especially in the Global South. Science lies at the root of sustainable 12 
development and is a key of new solutions for addressing SDG 6. However, SDG 6-related scientific 13 
outputs are often unknown, forming disconnections between academic world and practitioners 14 
implementing solutions. This study proposed a bibliometric and text mining method to qualitatively 15 
and quantitatively characterize the contribution of water research to the achievement of SDG 6. The 16 
method was applied for water research produced by Belgian-affiliated authors with a focus on the 17 
Global South collaboration. Despite accounting for less than one percent of the total global 18 
publications, Belgian water research has had a relativ ly high publication rate compared to its 19 
neighboring countries. We observed longstanding collab rations between Belgian and scientists from 20 
worldwide countries, and an increasing collaboration rate with countries from the Global South. The 21 
biggest share of publications focused on topics related to the targets 6.3, 6.4, 6.5, and 6.6, with the 22 
main hotspots for Belgian water research being water treatment, water stress, water pollution, climate 23 
change, and water modelling. The findings of the bibliometric search have been integrated into an 24 
online, user-friendly dashboard to facilitate the identification of research body and experts for 25 
practitioners and policy makers. The presented methodology is sufficiently generic and can be used to 26 
optimize other science programs in relation to the 2030 Agenda in other countries and regions. In this 27 
case study, the findings support shaping the Belgian cooperation and development policy in the water 28 
sector, and creating appropriate synergies between B lgian water researchers and their counterparts in 29 
the Global South.  30 
Keywords: Water research; Belgium; Sustainable Development Goals; SDG 6; 31 
Bibliometrics; Global South; North-South collaboration 32 
1. Introduction  33 
Clean water and proper sanitation are essential for survival as being explicitly recognized by the 34 
United Nations in 2010 as a human right (UN General Assembly, 2010). Five years later, this 35 
acknowledgment was again underlined in the 2030 Agenda for Sustainable Development with the 36 
Sustainable Development Goal 6 (SDG 6) that aims to ensure availability and sustainable management 37 
of water and sanitation for all by 2030 (UN General Assembly, 2015). Eight global targets in SDG 6 38 
cover the whole water cycle including provision of drinking water (target 6.1) and sanitation and 39 
hygiene services (6.2), treatment and reuse of waste ter and ambient water quality (6.3), water-use 40 
efficiency and scarcity (6.4), integrated water resources management (IWRM) including through 41 
transboundary cooperation (6.5), protecting and resto ing water-related ecosystems (6.6), international 42 
cooperation and capacity building (6.a) and participation in water and sanitation management (6.b) 43 
(UN Water, 2016). As stated in the report of UN Water (2018), water availability and quality are 44 










In this regard, a failure to deliver the SDG 6 can jeopardize the whole 2030 Agenda. However, several 46 
reports have concluded that the world is not on track to achieve this goal (Independent Group of 47 
Scientists appointed by the Secretary-General, 2019; Nilsson et al., 2015). For example, in 2015, 1.8 48 
billion people still had to use fecally contaminated drinking water and 80% of wastewater from human 49 
activities was still being discharged directly into water-related ecosystems (United Nations, 2015). 50 
Consequently, diarrheal diseases are spreading and causing the death of an estimated 801,000 children 51 
younger than 5 years in developing countries every y ar (Liu et al., 2012).  52 
Science lies at the root of sustainable development. Novel scientific insights combined with cross-53 
cutting technologies and innovations are instrumental to overcome pressing global and local 54 
challenges and achieve the SDGs and beyond (Indepennt Group of Scientists appointed by the 55 
Secretary-General, 2019). Science, technology, and in ovation (STI) were also recognized by the 56 
European Commission as a prerequisite to implement the new Agenda (Nilsson et al., 2015). In the 57 
water sector, digital technologies, artificial intelligence (AI), automation, bio-, and nanotechnologies 58 
have already been showing their far-reaching impacts nd opportunities universally (Messner et al., 59 
2019). In contrast to the business-as-usual practices, the next generation of the water system 60 
management securing sustainable water future needs to embrace the solutions derived from science 61 
and technology. However, capitalizing STI for the dsign of water systems strategies and policies 62 
remain challenging, which can jeopardize the achievement of the SDG 6.  63 
From this perspective, this study aims to develop a systematic analysis to quantitatively and 64 
qualitatively assess the past and current contribution of water research in support of the achievement 65 
of SDG 6 and each of its targets. We applied the analysis on Belgian water research and its 66 
collaboration with Global South countries due to the following reasons. Firstly, although water is nota 67 
limited resource and almost entire population in Belgium is receiving high-quality drinking water and 68 
sanitation, intensive habitat, industrial, and agricultural activities are leading to a high amount of 69 
freshwater withdrawal in Belgium (Amore, 2012; PMO Belgium, 2017) . Hence, Belgium becomes 70 
one of the countries facing high water stress (FAO, 2018). Besides, intensive agriculture leading to 71 
diffuse pollution, hydrological regulation and river morphological modifications, pressures the surface 72 
water quality in Belgium (Gabriels et al., 2010). Consequently, much higher concentration of both 73 
nitrate and phosphate has been found in many Belgian rivers compared to the average values of the EU 74 
region (EEA, 2015). Hence, the water issues in Belgium and the achievement of the SDG 6 targets in 75 
Belgium remain a challenge. Also, Belgium is characterized by an open economy, strongly oriented 76 
towards international cooperation in different sectors. Yet, the role of Belgium cooperation for 77 
development in the water sector is poorly recognized (Tröltzsch et al., 2016). Equally important, 78 
global partnership and North-South international cooperation are emphasized to strengthen knowledge 79 
sharing and transfer of STI in SDG 17 of the 2030 Agenda (UN General Assembly, 2015). It was 80 
concluded that highly uneven global distribution of scientific capacity and knowledge access threatens 81 
to disrupt the 2030 Agenda. Hence, a major coordinated effort from all nations is urgently required to 82 
free relevant scientific knowledge, especially to Global South countries, and to build a common 83 
knowledge platform in the future (Independent Group of Scientists appointed by the Secretary-84 










Internet and the movement to provide open access (OA) to all research literature (Piwowar et al., 86 
2018).  87 
To this end, a bibliometric analysis and text mining method were applied to investigate systematically 88 
publications targeting the water sector with a wide spectrum of complementary expertise, from 89 
integrated water management, sanitation and hygiene, policy support for sustainable transitions natural 90 
resources governance and legal aspects, private secor development and valorization of research to 91 
data analytics and decision support systems for water and environmental management. Particularly, 92 
the proposed method can be used to design scientific agenda in support of the development and policy 93 
of the water sector in Belgium as well as its collaboration with the Global South. The methodology 94 
that is presented is sufficiently generic and can be applied to evaluate the role of STI in the 95 
achievement of other SDGs in the Agenda 2030. However, it is important to keep in mind that while 96 
the natural and technical sciences can be well-covered in bibliographic databases, literature of the 97 
social sciences is partially represented, likely limiting the applicability of the method for the SDGs in 98 
the human social sphere (Bornmann and Leydesdorff, 2014). 99 
2. Materials and methods 100 
Bibliometrics was first presented by Pritchard (1969) as a method to gain a systematic, transparent, 101 
and reproducible review on the existing knowledge base within a given area (Aria and Cuccurullo, 102 
2017; Ho and Goethals, 2019; Rousseau et al., 2018; Yao et al., 2018). Bibliometrics applies advanced 103 
quantitative analyses and statistical methods to assess scientific output in a given field. Bibliometrics 104 
is therefore an appropriate methodology to assess Belgium water research. Text mining is a 105 
complementary technique facilitated by new internet browsing technology. Bibliometrics and text 106 
mining were applied to identify and evaluate research hotspots and tendencies of Belgian water 107 
research in general and particularly in the context of Belgium-Global South collaboration. Particularly, 108 
we analyzed current and historic peer-reviewed literature body addressing topics related to SDG 6. We 109 
applied multiple search queries and text mining based on authors’ keywords to portray the water 110 
research conducted by Belgian-affiliated authors, and compared it with the research conducted by 111 
neighbor countries and globally. To shed light on how Belgian scientists connect with authors 112 
globally, we mapped the number of water publications published by Belgian authors and authors 113 
around the world. We also had a specific focus on the publications sharing authorship with researchers 114 
from the Global South countries. 115 
2.1. Data collection 116 
Bibliographic data were collected on the Scopus websit  (www.scopus.com) on December 14, 2019. 117 
Scopus database contains the largest international abstract and citation collection of peer-reviewed 118 
scientific literature. Scopus currently indexes 24,600 titles (journals, magazines, reports) from more 119 
than 5,000 international publishers (Scopus Elsevier, 2016). To select publications related to SDG 6, 120 
we first built a list of relevant filtering terms. We started with an initial list of 1,057 terms proposed 121 
for the bibliometric analysis of water research by the United Nations University (Mehmood (2019). To 122 










we conducted a three steps adaptation procedure. In the first step, we eliminated terms because of their124 
irrelevance based on five criteria (off-topic, too general, too specific, redundant, duplicated term). 125 
Details regarding these criteria can be found in Supplementary Material A. In a second step, the 126 
remaining terms were categorized into the eight targets of SDG 6. When necessary, additional terms 127 
were added to fully capture the theme addressed by the targets. The selection of new terms was based 128 
on the definitions of the targets and their indicators. Importantly, a term could be categorized into 129 
multiple targets. For example, ‘wastewater’ was considered for both targets 6.3 and 6.4. Also 130 
noteworthy is that given the broad implications of integrated water resources management (IWRM) 131 
tackled by target 6.5, a wide range of terms were chosen, such as terms linked with hydrology, water 132 
resources, and water modeling. The first and second steps were implemented by three water 133 
professionals separately and then compiled into a single list. We discussed the terms for which there 134 
was a disagreement among the three scientists and mde decisions on a case-by-case basis. In the final 135 
step, the chosen terms for SDG 6 and its targets were assessed and revised by two senior researchers 136 
with extended experience in the water sector. The final lists of terms for SDG 6 and its targets can be 137 
found in Supplementary Material B.  138 
Subsequently, we applied these terms to a search query to download the citations and bibliographies 139 
directly in Scopus website as well as in open-source statistical software R (R Core Team, 2014) using 140 
rscopus package (Muschelli III, 2018). A common template of the search query applied in Scopus was 141 
as follows: TITLE (*) OR AUTHKEY (*) AND AFFILCOUNTRY(**). The TITLE (*) OR 142 
AUTHKEY (*) fields, referring to title and a list of author keywords of a publication, were filled with 143 
the final lists of terms for SDG 6 and its target while the AFFILCOUNTRY(**) field was filled with 144 
the name of the country, such as Belgium. Note that by simply changing the AFFILCOUNTRY(**) 145 
field with the name of a country or region of interest in the search query, one can explore the 146 
contribution of the water research of that country o  region to the achievement of SDG 6. This 147 
template can show a wide range of publications from multidisciplinary fields in which water plays a 148 
crucial role in their development. All publications of water research were collected from 1926 to 2019 149 
as 1926 was the farthest year of the Scopus record for this particular search. These publications were 150 
assessed for the following characteristics: document type and language, publication output, research 151 
category, publishing journal, affiliation country, affiliation institutions, and authors’ keywords. Tothis 152 
end, bibliometrix package in R (Aria and Cuccurullo, 2017) and VOSviewer software (van Eck and 153 
Waltman, 2010) were applied for text mining and data analysis. 154 
2.2. Research keywords and hotspots 155 
We selected author’s keywords to reveal the hotspots and the emerging trends in scientific research. 156 
Particularly, we analyzed authors’ keywords looking at different periods, i.e. 1990-1999, 2000-2009, 157 
and 2010-2019, to investigate how the main research lines of Belgian water research evolved through 158 
time. These periods are chosen because one needs to take into account historical as well as current 159 
contribution of science in sustainable development si ce scientific knowledge has always been at the 160 
root of sustainable development. However, it should be kept in mind the incomplete collection of early 161 










bibliometric analyses only considered publications after 1990 (Ho, Long and Goethals, Peter, 2020; 163 
Jiang et al., 2016; McCallen et al., 2019; Qian et al., 2015). We represented the authors’ keywords in a 164 
distance-based map using the VOSviewer application (va Eck and Waltman, 2010). In such a map, 165 
the distance between two keywords reflects the streng h of co-occurrence, and the clusters group 166 
keywords that are frequently combined in a set of author keywords (Van Eck and Waltman, 2007). To 167 
limit the outputs, we imposed the minimum number of appearance of a keyword to the top 100 most 168 
frequent keywords.  169 
2.3. Dashboard  170 
Equally important, to facilitate the data accessibility, analysis and visualization of the readers, we 171 
developed an interactive application using R Shiny package (Chang et al., 2015). This application 172 
allows customization of the application's user‐interface to provide an elegant environment for 173 
displaying user‐input controls and simulation output (Wojciechowski et al., 2015). The output can be 174 
simultaneously updated with changing input. Thanks to this ability, the users can access, analyze, and 175 
visualize the collected publications in a quick, flexible, and informative way. Our Shiny application s 176 
available online at https://water-research.shinyapps.io/Belgian_water_research/. 177 
3. Results and discussion 178 
3.1. Water research in Belgium  179 
3.1.1. Document type, yearly output, language of publications and citations 180 
The total number of water publications in Belgium aounted to 5,703, the first being published in 181 
1926, and from which more than 50% were published during the last decade (2010 – 2019). Article 182 
was the most frequently published document type (82%), followed by conference paper (10%), review 183 
(4%), and book chapter (2%). English was the predominant language (95%), followed by French (3%) 184 
and Dutch (1%).  185 
Overall, 14% of Belgian water research was published with an open-access (OA). This number has 186 
accelerated dramatically, from 5% between 1926 and 2010 to 23% between 2010 and 2019, which put 187 
Belgium before the US (19%), France (19%) and China (13%), but behind the UK (25%) and the 188 
Netherlands (30%), and almost even with Germany and the average for the EU 28 (22% for both). 189 
High OA proportion in Belgian water research was induced by the support of numerous Belgian 190 
universities to OA for publications in which an immediate deposit and open access strategy at the 191 
University de Liege in 2007 initially paved a way for Belgian OA mandates (Septon and Van Hee, 192 
2015). More than 15 Belgian institutions have adopted his assessment after that. Thanks to OA 193 
movement worldwide, scientists and researchers in the Global South have been increasingly getting 194 
access to scholarly and scientific publications and electronic resources, which has facilitated access to 195 
science and knowledge for achieving the millennium development goals (MDGs) (Chan, 2005).  196 
Water treatment and pollution were predominant topics among the top ten most cited publications 197 
(Supplementary Material C). However, other research lines, such as modeling, seawater intrusion, 198 










citations, which revealed diverse expertise in the Belgian scientific landscape. The top three most 200 
frequent publishers were Water Research, Water Science and Technology, and Science of the Total 201 
Environment. Twenty-five percent of the 20 most frequent publishers targeted the research focusing on 202 
agriculture, which was indicative of high concern of agricultural water that is needed to grow crops 203 
and sustain livestock. More details of the most frequent journals publishing Belgian water research 204 
over different periods can be found in Figures D1-D4 in Supplementary Material D.  205 
Water research has witnessed a rapid increase in publications of Belgian water research for the last 206 
two decades, from around 20 publications per year during the 90s’ to more than 120 in 2019. Although 207 
the research body by Belgian authors was smaller than neighboring countries (Figure 1), the Belgian 208 
contribution remained significant relative to other countries when reported to the number of 209 
inhabitants. In 2019, Belgian water research had a publication rate of 2.9 publications per 100,000 210 
inhabitants, which was higher than France (1.9), and Germany (2.1), but lower than the United 211 
Kingdom (3.1) and the Netherlands (4.8). While EU countries has had the biggest share in water 212 
research publications over the last decade, China bec me the most productive country in 2019 (Figure 213 
1). This result was likely a direct consequence of a heavy investment program in research and 214 
development (R&D) in China. China became the second-largest spender for R&D in 2017 after the 215 
United States with around 21% of the world’s total expense, around 370.6 billion dollars (OECD 216 
(2017). More details of the publication performance can be found in Figure D5 in Supplementary 217 
Material D. 218 
 219 
Figure 1. Number of publications of Belgian water research from 1926 to 2019 in comparison to neighboring countries. The 220 










3.1.2. Research collaborations  222 
Belgian water scientists have co-authored with scientists from 108 countries (Figure 2), which 223 
revealed their vast international network. This network has rapidly intensified over the last 20 years 224 
(between 1999 and 2019), with only 46 countries in 1999 and 65 in 2009. The top five countries of 225 
collaboration until 2010 were United States, Netherlands, France, United Kingdom, and Germany. It 226 
appears that geography has been an important factor contributing to the long standing collaborations as 227 
except for the United States, the other countries are neighboring countries of Belgium. The 228 
collaboration of Belgian water researchers with their counterparts in the US has been induced by the 229 
fact that the US has been the most productive scientific publisher in the world. However, its gap with 230 
China is closing rapidly. In this regard, the collaboration with China has seen a notable increase, from231 
4 shared publications before 2000 to 21 between 2000 and 2009, and 144 from 2010 to 2019, making 232 
China the third-largest co-authoring country during the last decade. On the other hand, while the 233 
United States was ranked first in terms of shared publication numbers before 2000, it shifted down to 234 
the fifth position over the last decade (Supplementary Material D).  235 
 236 
Figure 2. Map of the countries collaborating with Belgian institutions in water research from 1926 to 2019.  237 
Importantly, among the 43 new research collaborations created over the last decade, 27 were countries 238 
from the Global South. Whereas first publications published with an international team was in 1957, 239 
the first paper co-authored with an institution from the Global South was in 1986. Ethiopia has a 240 
particularly rich shared publication record (56 shared publications within the last 10 years), which 241 
placed the country second after China. These fruitful collaborations were likely a result of historical 242 
support of more than 15 consecutive years from the VLIR-UOS, which has been enforcing 243 
partnerships between universities and university colleges in Flanders and the Global South (VLIR-244 
UOS, 2013). In addition, other Global South countries n the top six were South Africa, Viet Nam, 245 










within the framework of VLIR-UOS and ARES-CCD, two regional organizations supporting 247 
university development cooperation. This trend indicated a significant increase in research 248 
collaboration between Belgium and countries in the Global South. Details of the top 20 countries and 249 
institutions can be found in Supplementary Material D (Figures D6-D17).  250 
Regarding Belgian national institutions, Ghent University has been dominant in Belgian water 251 
research with around 1.000 publications, followed by KU Leuven (661 publications), University of 252 
Liège (310 publications), UC Louvain (291 publications), Universiteit Antwerpen (254 publications), 253 
Vrije Universiteit of Brussels (218 publications), and Université Libre de Bruxelles (179 publications). 254 
The other institutions had less than 100 publications. This ranking has remained relatively unchanged 255 
over the whole period of the record (Supplementary Material D, Figures D18-D21). 256 
3.2. Research hotspots  257 
3.2.1. Belgian water research  258 
Figure 3 shows six clusters of Belgian water research, including (1) (waste/drinking)water treatment 259 
(679 occurrences); (2) water stress (601 occurrences); (3) water management (560 occurrences); (4) 260 
water quality (monitoring) (474 occurrences); (5) climate change (367 occurrences); and (6) water 261 
pollution (363 occurrences).  262 
 263 
Figure 3. Most concerned keywords on Belgian water research from 1926 to 2019. The size of the text and circle are 264 
proportional to the number of publications. The keywords with the same color belong to one cluster repesenting their co-265 
occurrence in publications. Some circles do not have text for clarity. 266 
Water treatment. A research line that has received most attention focuses on (waste/drinking) water 267 
treatment with the most popular keywords on the list, i.e. drinking water (107 occurrences), water 268 










researchers have focused on advanced treatment technologies, such as carbon adsorption (67 270 
occurrences), membranes design (64 occurrences, includi g nanofiltration, ultrafiltration, and 271 
nanoparticles), ozone treatment (18 occurrences), and biofilm treatment (17 occurrences). These 272 
technologies have been applied for treating waste and drinking water, and for tackling water pollution 273 
in surface water (44 occurrences), groundwater (29 occurrences), and sediment (17 occurrences). 274 
Recently, they also have been applied for emerging pollutants and xenobiotics, such as pesticides (34 275 
occurrences) and pharmaceuticals (15 occurrences). Thanks to the increasing interest of scientific 276 
experts and the more constraining European environmental regulation, the degree of wastewater 277 
purification in Belgium have increased from 26% to 83% in the last 25 years (Vlaamse 278 
Milieumaatschappij, 2018).  279 
Water stress. Since Belgium is one of the countries facing high water pressure, water stress (87 280 
occurrences, including water deficit) has been the focus of Belgian water research. This concern was 281 
demonstrated by the high number of the most concerned keywords related to these topics such as 282 
temperature (153 occurrences), drought (95 occurrences), water stress (57 occurrences), hydrology (53 283 
occurrences), and precipitation (52 occurrences). Another topic handled particularly by Belgian water 284 
scientists was related to the negative influences of climate change on crops. This was one of the 285 
relevant topics listed by the National Climate Commission (National Climate Commission, 2016). The 286 
focus on this topic was demonstrated by the frequent occurrence of related keywords, such as maize 287 
(18 occurrences), wheat (16 occurrences), and rice (14 occurrences). These latter keywords were 288 
connected to evapotranspiration (57 occurrences, including evaporation), erosion (42 occurrences), 289 
runoff (19 occurrences), and soil moisture (17 occurrences). Especially noteworthy is that authors of 290 
Belgian water research have frequently combined soil/water erosion, land-use, and Belgium in their 291 
chosen keywords, suggesting their high concern on this topic in this research line. Besides, Ethiopia 292 
(56 occurrences) also appeared in this cluster, demonstrating a strong collaboration between Belgian 293 
and Ethiopian water researchers. 294 
Water quality monitoring and pollution. Water experts have worked to support the EU water 295 
framework directive (WFD) (79 occurrences). This directive aims to “improve water quality of rivers, 296 
lakes, transitional waters, groundwater and coastal waters in the EU” (Council of the European 297 
Communities (CEC), 2000). The implementation of the WFD has called for intensive monitoring and 298 
assessment of the ecological and chemical status of the different water bodies in Belgium (Jager et al., 299 
2016). Keywords analysis suggested that rivers (42 occurrences) and coastal waters (15 occurrences) 300 
have been the water bodies that deserved the most atten ion (Forio and Goethals, 2020; Kristensen and 301 
Bøgestrand, 1996; PMO Belgium, 2017). For example, th  Scheldt estuary and the North Sea (24 and 302 
12 occurrences, respectively) have played essential roles in Belgian economic and social development, 303 
but have been heavily affected by vessel transportati n, sediment dredging and removal, agricultural 304 
run-off, and discharges from industrial cooling water and urban sewage systems (Meire et al., 2005). 305 
The anthropogenic activities were indicated in several keywords, i.e. eutrophication (34 occurrences) 306 
with excessive amount of nitrate (27 occurrences), nitrogen (22 occurrences), phosphorus (18 307 
occurrences) and heavy metal contamination (23 occurrences). These topics were also focal points in 308 










and coral (26 occurrences, including cold-water corals) have been greatly addressed by Belgian water 310 
research. 311 
Climate Change. Similarly, Belgian studies have also intensively studied climate change impacts on 312 
temperature (43 occurrences), drought (73 occurrences including drought stress), agriculture (28 313 
occurrences), water balance (36 occurrences), and biodiversity (32 occurrences). The increasing 314 
attention of climate change in Belgian water research was likely intertwined with the integration of 315 
this issues in the Belgian and global political agenda. In 2009, following the EU White Paper on 316 
Adaptation, the Belgian National Climate Commission adopted its first National Climate Plan (2009-317 
2013) (National Climate Commission, 2010). This first plan was followed by more specific and 318 
consecutive plans (i.e. 2014-2017 and 2017-2020). All these plans recalled the impacts of increasing 319 
temperature on heatwave occurrence and drought causing increased mortality and adverse health 320 
impact (Sartor, 2004). Recently, Belgium faced meteorological droughts, such as the droughts in 2003, 321 
2007, 2010, 2011, 2015, and 2018 (Gobin, 2018; Zamani et al., 2016). The Belgian scientific concerns 322 
in this issue were expressed by the increasing co-oc urrences of drought and climate change as 323 
keywords in the publications.  324 
Modeling as a key tool. Besides water technologies, Belgian water research often concerned 325 
modeling technology development and application (134 occurrences of model-related keywords), 326 
including integrated water resources modeling, inverse modeling, numerical modeling, optimization, 327 
model validation (16 occurrences), model simulation (18 occurrences) and sensitivity analysis (15 328 
occurrences). These keywords appeared in almost all of the research lines, except for the water 329 
pollution cluster. Looking at the connection between these keywords and keywords from other 330 
research clusters, it appeared that model simulation nd validation have been exploited to improve the 331 
efficiency of treatment plants in the first cluster, while inverse modeling (15 occurrences) has had a 332 
strong link with soil-water content (27 occurrences) and root water uptake (16 occurrences) in the 333 
water-stress cluster. Additionally, integrated modeling (18 occurrences) has been used in studies on 334 
water quality while experts in water management have often applied numerical modeling (15 335 
occurrences) in their research.  336 
3.2.2. Belgium - Global South water research 337 
The main research hotspots conducted between Belgians and institutions from the Global South were 338 
relatively similar to the hotspots of overall Belgian water research, such as (waste/drinking) water 339 
treatment, water quality, climate change, and water str ss (Figure 4). In particular, great attention has340 
been paid on the topic of water scarcity, indicated by three clusters: water stress, water us  efficiency 341 
and soil and water conservation. A high proportion of Belgium-Global South water research has been 342 
targeting the roles of water in agricultural production, i.e. agriculture (30 occurrences), irrigation (25 343 
occurrences), and crop (60 occurrences). This reflect d the important role of agriculture in the 344 
economic and social development in the Global South, and the strong link between water and food 345 
security (FAO, 2019). For example, rainfed agriculture has been producing most food for rural 346 
communities in developing countries, i.e. 95% of the farmed land in sub-Saharan Africa, almost 90 % 347 










Hence, research on water availability appeared as an important research hotspot. This research topic 349 
occupied two clusters with top author keywords drought (51 occurrences, including water stress and 350 
drought stress), water use efficiency (26 occurrences), and rain (32 occurrences, including 351 
precipitation). In this topic, researchers have targeted major crops such as rice (10 occurrences), maize 352 
(8 occurrences), wheat (5 occurrences), in Tunisia (6 occurrences), South Africa (5 occurrences), 353 
Niger (5 occurrences), and Mali (4 occurrences).  354 
 355 
Figure 4. Most concerned keywords on Belgian water research for development cooperation from 1986 to 2019. The size of 356 
the text and circle are proportional to the number of publications. The keywords with the same color belong to one cluster 357 
representing their co-occurrence in publications. Some circles do not have text for clarity. 358 
Water treatment were other important focuses of Belgium-Global South water research. This topic is 359 
the largest research cluster with 18 popular author keywords (154 occurrences). Limited access to 360 
proper sanitation and clean water has been a major problem in the Global South (World Water 361 
Assessment Programme UNESCO, 2012). Moreover, rapid population growth and urbanization have 362 
intensified the problems of water pollution in these countries. Particularly, heavy metal contamination, 363 
eutrophication, pesticides, water-borne diseases were the most dedicated topics that have been 364 
addressed by both Belgian and Global-South researchrs. While researchers have targeted the 365 
problems of pesticides and water-borne diseases in ground and surface water in case studies in 366 
Vietnam and Benin, heavy metal contamination and eutrophication have been more interested in case 367 
studies in Morocco and Tanzania. Scientific collabor ti n with Ethiopia dealt with water pollution in 368 
rivers and groundwater. Noteworthy is that Mekong delta (5 occurrences) also appeared on the list, 369 
suggesting a scientific focus on the study of environmental impacts from intensive agriculture and 370 
aquaculture on this river.  371 
Climate change also appeared as an important topic in the Belgium-Global South water research (17 372 
occurrences). This can be a result of the early acknowledgment of climate change in the development 373 









change and have the least means to adapt to it (van Ypersele, 2008). Many recommendations were 375 
proposed to increase development aid in capacities to challenge climate change in Belgian partner 376 
countries (van Ypersele, 2008). Moreover, climate change impacts need to be assessed on 377 
multidisciplinary sectors including water resources to create different short- and mid-term strategies 378 
for climate change adaptation. Hence, climate change shared strong links with its impacts on 379 
temperature (11 occurrences), salinity (10 occurrences), biodiversity (9 occurrences), water quality 380 
and resources (68 occurrences).  381 
3.3. Belgian water research in support of the SDG 6 382 
3.3.1. Quantitative contribution 383 
Figure 5 shows the contribution of Belgian water research in topics related to SDG 6 over three 384 
periods, 1990-1999, 2000-2009, and 2010-2019. We disregarded the publications of Belgian water 385 
research published before 1990 due to their limited records on Scopus (less than 40 publications per 386 
year). It appears that the number of publications ha  increased unevenly among the SDG 6 targets. 387 
Since the last decade of the 21st century, there has been a substantial acceleration in the number of 388 
publications and citations underpinning targets 6.3, 4, 6.5, and 6.6, while less scientific attentio has 389 
been paid for the other targets. Note that since a publication could be considered supportive for 390 
multiple targets, the number of publications or citations underpinning SDG 6 was not equal to the sum 391 
of the publications or citations for each of the eight targets. Regarding scientific impact, Belgian water 392 
research on SDG 6 related topics had an average of 25.6 citations per publication in which 393 
publications underpinning target 6.6 had the highest scientific impact with around 28.2 citations per 394 
publication on average. This was in contrast to publications supporting target 6.2 that had the lowest 395 
scientific impact with 22.3 citations per publication. Also noteworthy is that higher citations were in 396 
the publications published during 2000-2009 compared to the most recent publications during the last 397 
decade. This result can be attributed to the fact that citations need time to accumulate; hence research 398 
evaluation on the basis of bibliometrics can be limited (Bornmann and Leydesdorff, 2014).  399 
 400 
Figure 5. Belgian water research in support of the SDG 6 and each of its targets from 1990 to 2019. The scale of the radar 401 










Sanitation and hygiene services; Target 6.3: Treatmn  and reuse of wastewater and ambient water quality; Target 6.4: Water-403 
use efficiency and scarcity; Target 6.5: Integrated water resources management including through transboundary cooperation; 404 
Target 6.6: Protecting and restoring water-related ecosystems; Target 6.a: International cooperation and c pacity-building; 405 
Target 6.b: Participation in water and sanitation management. 406 
The largest amount of scientific attention has been paid for target 6.5 (water management), which can 407 
be explained by the fact that integrated water management covers a very broad area of activities, such408 
as planning, developing, distributing and managing, applied to different water resources, namely 409 
surface water, groundwater, and saline water. In contrast, fewer publications were dedicated to targets 410 
6.2 and 6.b, which can be associated with their addessed issues that are more specific to developing 411 
countries, therefore, not central to Belgian research. Conversely, Belgian water research has paid high 412 
attention to wastewater quality and water scarcity (targets 6.3 and 6.4, respectively). The two research 413 
lines reflected the two most concerned issues related to water in Belgium. Belgium has been criticized 414 
by the European Commission in 2000 for their severe lack of wastewater treatment utilities (The 415 
European Commission DG XI, 2000). Meanwhile, tremendous efforts have been paid to improve this 416 
situation. From 2000 to 2009, the Walloon Region spent around 2.5 billion euros for the remediation 417 
of urban wastewater (Aquafin NV, 2006). Similarly, over the last 25 years, Aquafin has implemented 418 
nearly 3,000 projects for a total contract value of 3.7 billion euros to develop, optimize, and manage 419 
supra-municipal water treatment infrastructure in Flanders (Vlaamse Milieumaatschappij, 2018). The 420 
number of scientific publications on water treatment has also accelerated from around 20 publications 421 
during the 90s to around 120 publications over the last three years. This coincided with the increase of 422 
the wastewater purification capacity from only 26% in 1991 to 83% in 2016. In contrast to this 423 
common concern and interest from both policy agenda and academic world in Belgium, water scarcity 424 
and drought have been intensively studied in Belgian w ter research but received limited recognition 425 
from the authorities. River basin management plans in all regions, i.e. Flanders, Brussels, and 426 
Wallonia, only mentioned briefly drought as a non-significant pressure (European Commission, 2015). 427 
This inattention was contradicting to historical consideration to securing water quality and quantity, 428 
and mitigating the risk of flooding (Akter et al., 2018). 429 
3.3.2. Qualitative contribution 430 
Figure 6 illustrates the top 20 most common author keywords in publications in support of the 431 
achievement of SDG 6 and its targets. Overall, while water and water quality were the two most 432 
common authors keywords that can be used in multidiscipl nary water research, the top author 433 
keywords of each target were relatively distinctive and reflected the overarching aim of their target. 434 
Particularly, Belgian water research supporting target 6.1 appeared to focus on advanced drinking 435 
water treatment and supply technologies. Also, the top author keywords in target 6.1 showed that the 436 
most concerned issues in Belgian drinking water research have been pesticides, water-borne diseases, 437 
and arsenic. These topics also emerged as specific topics regarding drinking water in a recent report on 438 
the quality of drinking water (Vlaamse Milieumaatschappij, 2019). As mentioned above, less scientific 439 
attention has been paid to target 6.2, which was indicated by the fact that its publications have the 440 
second least number of author keywords among all targe s. Since Belgian water research showed very 441 
few interests in open-defecation topics, research on sanitation and hygiene in target 6.2 has been 442 










Water Framework Directive have also been targeted in the publications supporting target 6.2. The EU 444 
Water Framework Directive is one of the most important pieces of European environmental 445 
legislation. The EU-WFD quality standards are thresold levels of pollutants that are used to protect 446 
both the environment and human health (Crane and Babut, 2007).  447 
Concerning target 6.3, water quality and treatment were the most popular author keywords. Especially 448 
noteworthy was the high rank of water treatment modeling in the authors’ keyword list. Modeling-449 
related author keywords, such as integrated modeling, mathematical modeling, ecological modeling, 450 
and dynamic modeling, occur 305 times, which was double the number of occurrence of the second 451 
most popular author keyword (water quality with 150 occurrences). The total number of modeling 452 
applications in all targets were not completely reflected in Figure 6 because of a large variety of 453 
modeling techniques. Other modeling-related terms have been placed in lists of author keywords such 454 
as calibration, uncertainty analysis, and sensitivity/ dentifiability analysis. More details of the total 455 
number of occurrences of modeling-related author keywords can be found in Figure D26 in 456 
Supplementary Material D. In fact, water digitalizat on and artificial intelligence, together with bio- 457 
and nanotechnologies, are cross-cutting technologies that have been applied by Belgian wastewater 458 
specialists to optimize and improve WWTPs (Verstraete and Vlaeminck, 2011). As a result, Belgium 459 
has already fulfilled target 6.3 on wastewater treatment with 95.7% of the proportion of safely treated 460 
domestic wastewater flow (United Nations, 2019).  461 
Furthermore, climate change, drought, irrigation, and griculture have been of great interest in Belgian 462 
water research in support of target 6.4. Almost all of the top popular author keywords in support of 463 
target 6.4 considered water scarcity and its impact on agriculture and irrigation. This highlighted the 464 
high concerns of Belgium on future water availability, especially under the context of climate change. 465 
Despite having a good score for treated wastewater and water use efficiency, Belgium is struggling to 466 
achieve the second indicator of target 6.4 on water s ress. Belgium is among the 32 countries 467 
experiencing water stress between 25 and 70 percent (FAO and UN-Water, 2018). According to the 468 
report of OECD (2007), the intensity of freshwater abstraction in Belgium was at about 45% of total 469 
renewable resources, the highest among OECD countries. Although this number dropped by 18% 470 
between 1995 and 2002, the freshwater withdrawal per capita remained above the average value of 471 
OECD Europe. Since the global renewable freshwater resources per capita have been declining by 472 
more than 54% over the last 50 years (Rayne and Forest, 2013), the water stress in Belgium is more 473 
likely to be worse. It was concluded that due to the declining trend of global freshwater availability, 474 
countries facing water stress like Belgium will have to deal with a serious constraint on socioeconomic 475 
development and environmental protection (Chellaney, 2015). From that perspective, currently limited 476 
awareness of water-stress issues from crucial actors, such as intermediaries and multipliers, needs to 477 
be improved to integrate the drought risk assessment in their actions (Tröltzsch et al., 2016). 478 
Moreover, strategies for reduction of water footprint in Belgium has also been recommended to reduce 479 
freshwater pressure. The annual water footprint per person in Belgium (2.700 m3/capita/year) is double 480 
the global average and exceeds the footprint of its neighboring countries such as the Netherlands 481 
(2.300 m3/capita/year) and the United Kingdom (1.700 m3/capita/year) (Hoekstra et al., 2017; Vincent 482 










externalized significant portion of their water footprints as part of its international trade by importing 484 
water-intensive products and exporting commodities hat are less water intensive (Chapagain et al., 485 
2006). Chellaney (2015) reported that Belgium is among the highest virtual-water import 486 
dependencies with 80% of its water footprint that has been externalized via international trade.  487 
Water quality monitoring and modeling became one of the focal points in Belgian water research 488 
contributing to target 6.5-water management. The combination of monitoring and modeling as a 489 
supporting tool of water management was reflected in the most popular author keywords in target 6.5 490 
with 105 occurrences of monitoring and 110 occurrences of modeling (excluding redundant terms of 491 
different modeling techniques). The implementation of the EU WFD has been pivotal to consolidate, 492 
develop and optimize monitoring and modeling programs to support systematic, integrative, and 493 
multidisciplinary assessments of water at several sc e  (EU Water Framework Directive, 2003; 494 
Hojberg et al., 2007 ; Vanrolleghem, 2010). Monitoring and modeling allow decision makers to 495 
understand and measure the impact of alternative wat r management strategies. Belgium possesses a 496 
very intensive network of monitoring stations for both surface water and groundwater, composed of 497 
1,614 monitoring sites in total (European Commission, 2015). Given few natural lakes in Belgium, 498 
rivers are the main focus of surface water monitoring programs by government institutions in 499 
Flanders, Wallonia, and Brussels-capital regions, occupying 870 stations (Kristensen and Bøgestrand, 500 
1996; PMO Belgium, 2017). Details of monitored parameters and their frequency are transparent and 501 
available in river basin management plan (RBMP) (Flemish Environment Agency, 2009).  502 
Belgium situates within four river basin areas, of which the Meuse and the Scheldt river basin area 503 
cover around 44% and 33% of the Belgian territory, respectively, while the Rhine and Seine cover 504 
only small areas (European Commission, 2015). Except for the Seine, the three other transboundary 505 
rivers have their RBMP within international/intra-Belgian agreements and coordination (European 506 
Commission, 2015). As such, Belgium has fulfilled the second indicator of target 6.5 on transboundary 507 
water cooperation (United Nations, 2019). On the other hand, since Belgium has funded less than 75% 508 
of the expected contributions and by regulation for transboundary cooperation (PMO Belgium, 2017), 509 
it has not yet met the requirement of the first indicator of target 6.5 on integrated water management. 510 
Belgian water research has further a focus on ecosystems and biodiversity, which is reflected in the top 511 
keywords in support of target 6.6. Rivers appeared as top author keyword in the analysis. Overall, 512 
river-related terms, such as rivers, river basins, river water quality, river modeling, and others 513 
appeared in total 224 times in the list of author keywords. This was almost four times higher than the 514 
number of occurrences of water quality (61 occurrences) which was the second most popular author 515 
keyword in support of this target. Belgium has been struggling to restore the water quality of its 516 
surface water bodies as only 38% of natural surface wat r bodies achieve a good or better ecological 517 
status (PMO Belgium, 2017). Particularly, eutrophication and pesticide contamination remained a 518 
critical issue of river water quality. This has been a result of substantial pressure from agriculture 519 
leading to diffuse pollution, hydrological regulation and river morphological modifications (PMO 520 










The means-of-implementation (MOI) targets of all Goals emphasize a strong commitment of the 2030 522 
Agenda for sustainable development. They aim to revitalize and enhance global engagement and also 523 
bring together different types of actors in society (UN General Assembly, 2015). There are two MOI 524 
in SDG 6 (targets 6.a and 6.b). In support of these targets, Belgium water research focused on three 525 
main topics, i.e. water management, climate change, and water framework directive. These topics are 526 
transboundary water issues that require actions at both local and global scales and will be discussed in 527 











Figure 6. Word clouds of the top 20 most common author keywords in Belgian water research in support of the achievement of SDG 6 and each of its targets. The size and the color of the texts 530 










3.4. Belgium-Global South water research in support of the SDG 6 532 
3.4.1. Quantitative contribution 533 
Figure 7 depicts the historical contribution of Belgium-Global South water research in the 534 
achievement of SDG 6 over three periods, 1990-1999, 2000-2009, and 2010-2019. The distribution 535 
among targets regarding the number of publications a d citations in Belgium-Global South water 536 
research remains similar to those in Belgian water research. This similarity can be explained by the 537 
international mobility of researchers towards Belgium. Seventy percent of researchers mobility 538 
towards Belgium originates from low- and middle-income countries, who often have to pursue further 539 
education and employment in high-income countries (Pillai et al., 2018). Researcher mobility resulted 540 
in numerous scientists having affiliations from their country of birth working in research institutions of 541 
their destination country (Mills et al., 2011). Consequently, their publications in Belgium-Global 542 
South water research often included both affiliations from Belgium and their country of birth in the 543 
Global South. Many researchers, who have affiliations from China, Brazil, and India, have been 544 
participating in Belgian water research, yet these countries did not appear in the list of the most 545 
popular author keywords.  546 
Scientific capacity and access to information were unevenly distributed on a global scale. Sixty 547 
percent of total scientific output was carried out by researchers from high-income countries 548 
(Independent Group of Scientists appointed by the Secretary-General, 2019; Pillai et al., 2018). 549 
Researchers mobility can facilitate multidirectional tr nsfers of STI between the Global North and the 550 
Global South. This can alleviate the uneven global distribution of scientific capacity and knowledge 551 
access. As such, Global Partnerships are key issues in the 2030 Agenda. Scientific cooperation and 552 
research capacity-building can help to facilitate th  development and dissemination of relevant 553 
technologies of reaching the SDGs (Kloke-Lesch, 2015).  554 
Overall, Belgium-Global South water research accounted for only 17.8% of the total publications of 555 
Belgian water research. This proportion increased considerably for the last two decades. This 556 
proportion was only 3.5% before 2000, it boosted to 14.3% within the first decade of the 21st century 557 
and 25.2% over the last decade. Note that high percentage of publications as a result of Belgium-558 
Global South collaborations could be found in targets 6.2 and 6.6, i.e. 34.1% and 32.3%, respectively, 559 
over the last decade. The Global South has been struggling to achieve the former target. Despite an 560 
increase from 76% to 91% of human population having access to clean drinking water, over 1.8 billion 561 
people still had to use fecally contaminated water s a result of poor sanitation and hygiene (United 562 
Nations, 2016). A share of great concerns about the well-being of water-related ecosystems between 563 
Belgian researchers and their counterparts in Global South can be explained by the rapid loss of 564 
wetlands, deforestation and rising pollution in the Global South. This has been catalyzed by an 565 
increased rate of urbanization, industrialization, a d population growth in the Global South. Water-566 
related ecosystems, such as lakes, rivers, and vegetat d wetlands, have been among the world’s most 567 
biologically diverse environments that sustain the global hydrological cycle, provide natural 568 
freshwater, and purify water (UN Environment, 2018). However, it was reported that at least 33% of 569 









sewage in developing countries is directly discharged into water bodies (Connor, 2015). As a result of 571 
severe degradation of freshwater ecosystems, a loss of about one-third of the global biodiversity was 572 
recorded (UN Water, 2015).  573 
Regarding the scientific impact, a publication of Belgium-Global South water research had on average 574 
20.6 citations, which was on average five citations lower than that of Belgian specific water research. 575 
However, this difference has been recently reduced, from seven citations during the last decade of the 576 
21st century to only one citation over the last decade. This marked the increase in research capacity of 577 
scientists from the Global South and scientific interests to their works, leading to their higher scientific 578 
impact. Among all targets, higher scientific impact was also recorded in publications supporting target 579 
6.6 with 22.9 citations per publication while publications aiming target 6.b had the least citations ( 580 
average 10.1 citations per publication).  581 
 582 
Figure 7. Belgium-Global South water research in support of the achievement of SDG 6 and each of its targets from 1990 to 583 
2019. The scale of the radar charts show the number of publications and citations, respectively. Target 6.1: Provision of 584 
drinking water; Target 6.2: Sanitation and hygiene services; Target 6.3: Treatment and reuse of wastewter and ambient 585 
water quality; Target 6.4: Water-use efficiency and scarcity; Target 6.5: Integrated water resources management including 586 
through transboundary cooperation; Target 6.6: Protecting and restoring water-related ecosystems; Target 6.a: International 587 
cooperation and capacity-building; Target 6.b: Participation in water and sanitation management. 588 
3.4.2. Qualitative contribution 589 
Figure 8 illustrates the top 20 most common author keywords in publications of Belgium-Global South 590 
water research in support of the achievement of SDG 6 and its targets. Similar to their counterpart of 591 
Belgian water research, the top author keywords of each target were relatively distinctive and reflected 592 
the main objective of the target. More importantly, substantial similarities could be found between the 593 
top 20 most common author keywords of Belgium-Global South water research and those of Belgian 594 
water research. Fifteen out of the top 20 most commn author keywords in publications in support of 595 
the achievement of SDG 6 were the same between two groups. This resemblance could also be 596 










over the three periods, we observed an increase in the umber of common author keywords over time. 598 
More details of this resemblance can be found in Figure D27 in Supplementary Material D. This 599 
increasing similarity between research lines of the two groups implied the growing mutual scientific 600 
interests between Belgian researchers and Global South researchers in water research, demonstrating 601 
the effective knowledge transfers between Belgium and its research partners. This result also 602 
suggested that Global South countries have shared similar water issues with their counterparts in the 603 
North as a result of either their economic and social development or the global scale of these issues. 604 
Hence, these researchers have urged to solve same wter problems with their partners in the Global 605 
North.  606 
Still, several differences in research interests in target 6.2, target 6.6, and two MOI targets could be 607 
found when comparing both groups. Regarding target 6.2, relatively high scientific attention has been 608 
paid to sanitation problems in agriculture and irrigat on. Untreated wastewater has frequently been 609 
reused for irrigation in developing countries, posing high health risks to farmers and consumers 610 
(Drechsel and Keraita, 2019; Ho, Long and Goethals, Peter 2020; Ho et al., 2019). Further, in support 611 
of target 6.6, specific scientific focus went to issues related to the impacts of water quality and 612 
availability on agriculture. Logically, agriculture has played an important role in the economic and 613 
social development of developing countries (Cervantes-Godoy and Dewbre, 2010; Diao et al., 2010). 614 
Ensuring the quality and quantity of water supply for agricultural development is therefore essential. 615 
Regarding two MOI targets, several top keywords refer to countries and regions where case studies 616 
have been conducted, such as Ethiopia, Ecuador, Andres, and developing countries. The strong 617 
collaboration between Belgian and Ethiopian water rsearchers could be seen by the frequent 618 
occurrence of Ethiopia or Tigray, the northernmost of the nine regions of Ethiopia, in the top popular 619 











Figure 8. Word clouds of the top 20 most common author keywords of Belgium-Global South water research in support of the achievement of SDG 6 and each of its targets. The size and the 622 










4. Conclusion 624 
We proposed a method for integrating bibliometric analysis and text mining to extract and analyze the 625 
scientific knowledge base addressing issues underlying SDG 6 and its targets. The approach can be 626 
used for systematically exploring scientific literature and assessing the contribution of science and 627 
knowledge information systems in achieving sustainable development in different countries and 628 
regions. We dedicated a specific focus on Belgian research and the collaborations with countries 629 
globally and with the Global South in particular. The publication lists selected by our search queries 630 
have been integrated into an online, interactive and searchable dashboard to facilitate the identificaon 631 
of research and expert by practitioners and policy makers, and hence strengthen transfer and uptake of 632 
science in the real work context. The method is sufficiently generic and can easily be applied to 633 
analyze the scientific basis of other SDG implementation programs or for other countries. 634 
The obtained records of water research showed increasing attention of science on the water sector. 635 
While EU countries have had the biggest share in water research publications over the last decade, a 636 
rapid increase in research outputs from Chinese institutions made China the most productive country 637 
in 2019. Despite accounting for less than one percent of the total global publications, Belgian water 638 
research had a relatively high publication rate of 2.9 publications per 100,000 inhabitants in 2019, 639 
which was higher than France (1.9), and Germany (2.1), but lower than the United Kingdom (3.1) and 640 
the Netherlands (4.8). These neighboring countries, together with the United States, have long been 641 
the largest partners in Belgian water research, altough collaborations with China have surged over th 642 
last five years, positioning the country as a top-three partner for Belgium. A raising collaboration rate 643 
was also found between Belgium and the Global South countries, such as Ethiopia, South Africa, and 644 
Vietnam.  645 
Research hotspots of Belgian water research were idntified in descending order of their occurrences 646 
in the publications as follows: (1) (waste/drinking) water treatment; (2) water stress; (3) water 647 
management; (4) water quality monitoring; (5) climate change; and (6) water pollution. This 648 
orientation of Belgian water research has been supportive of the achievement of targets 6.3, 6.4, 6.5,649 
and 6.6. Less scientific attention has been paid for the other targets. Results suggested that monitoring 650 
and modeling are essential tools for integrative and multidisciplinary assessments of water quality and651 
systematic optimization of water treatment and supply systems. Eutrophication, pesticides, and heavy 652 
metal contamination have also received much attention, suggesting that they remain a critical issue for 653 
river water quality and drinking water. Water digitalization and artificial intelligence, together with 654 
bio- and nano-technologies, are cross-cutting technologies that have been applied by Belgian water 655 
specialists to improve the performance of (waste/drinking) water treatment utilities and hence reaching 656 
targets 6.1, 6.2, and 6.3. Besides, Belgian water research has been targeting issues related to water 657 
scarcity and its impacts on agriculture, reflecting its increased attention to drought and water shortage. 658 
The impacts of climate change on water availability and agriculture have drawn increasing attention in 659 
both Belgian scientific and political spheres.  660 
The main research hotspots of Belgium-Global South water research were similar to those of overall 661 










mobility of researchers from Global South countries towards Belgium; (2) the growing mutual 663 
scientific interests between Belgian researchers and Global South researchers in water research; and 664 
(3) the common local and global water issues. Still, some differences in research interests were found 665 
in Belgium-Global South water research. Particularly, a high proportion of water research under the 666 
context of this collaboration has been targeting the interaction between water and agriculture, i.e. th  667 
roles of water in agricultural production and the impact of agriculture on water quality. This attentio  668 
reflected the important role of agriculture in the economic and social development in the Global South. 669 
High scientific focus in support of targets 6.2 and 6.6 have been paid related to sanitation problems in 670 
agriculture, such as heavy metal contamination, eutrophication, pesticides, and water-borne diseases. 671 
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• New method to extract and analyze the publications supporting SDG 6 & its targets  
• Belgian water research had a high publication rate compared to its neighbors 
• A raising collaboration rate between Belgium and the Global South countries 
• Biggest share of Belgian water research has focused on targets 6.3, 6.4, 6.5 & 6.6 
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